Introduction
Transportation has crucial importance on social and economic life of any country (Othman et al. 2017 have their own policies to promote to use of alternative fuels instead of fossil-based conventional diesel fuel (Capodaglio and Callegari 2017) .
Diesel engines had gained great rate on transportation vehicles since they are cheaper to run. However, their major drawback that concern environmental pollution was realized by the community a few years before. This serious incidence impelling the researchers to find out alternative fuels to conventional fossil-based fuels for ICEs. One alternative fuel to conventional diesel fuel is natural gas (NG) . Conventional ICE should be modified in order to use NG as primary fuel due to its high autoignition temperature (Li et al. 2016) . Thus, NG can be used as secondary fuel without any modification on the ICEs. Therefore, in literature, NG fuel was generally used as secondary fuel. Wang et al. (2018) investigated the effect of NG usage in a diesel engine based on heat release rate under 10% and 25% load at 1335 rpm engine speed. In experiments, they found out that number of peak point of heat release rate curves vary with the NG quantities. According to the results of the experiment which was conducted by Mittal et al., (2015) , nitrogen oxides (NO x ) emissions reduced at all engine loads, however, soot, hydrocarbon (HC) and carbon monoxide (CO) emissions were increased under dual fuel operation. In the study of Yousefi and Birouk (2017) a 3D CFD-chemistry model was developed to simulate the combustion and emission characteristic of a diesel engine which is fuelled with NG and diesel fuel. Their results also indicated that NO x emissions reduced with NG addition.
Another popular alternative fuel to conventional diesel fuel is biodiesel which derived from animal fat or vegetable oil by methanolysis in the presence of a catalyst (van der Westhuizen and Focke 2018). Biodiesel usage offers many advantages on environment since it is renewable, nontoxic and biodegradable (Wei et al. 2018 ) (Szabados and Bereczky 2018) . In literature, there are studies about the effect of biodiesel from various feedstocks on diesel engine. In the studies; Alloune et al. 2018 investigated the effect of Citrullus colocynthis L. biodiesel on diesel engine. They found out that B30 and B100 had earlier start of combustion than conventional diesel fuel. However, combustion characteristics of three fuels were the resemble. From the viewpoint of emission characteristic, experiments indicated that HC, NO x and particulate matter emissions were decreased by using biodiesel. Uludamar et al. (2017) were investigated the vibration characteristic of a diesel engine. In the experiments, they fuelled the engine with conventional diesel, biodiesel fuels and hydroxy gas. According to their findings, compared to conventional diesel fuel, the engine vibration severity diminished with the usage of alternative fuels. Artificial neural network model was also developed by the researchers in order to predict the data of the effect of fuel properties and HHO amount. Çalık (2018) was used biodiesel from waste cooking oil in order to evaluate the vibration of diesel engine. Li et al. (2018) numerically studied the effect of biodiesel on combustion and emission characteristic of a diesel engine. Increment of NO and soot emission and decrement of CO emission were calculated in the results. Also, shorter ignition delay was observed in the results.
In this study, combined effect of NG and biodiesel in a diesel engine was investigated in terms of emission characteristic. In experiments, the engine was fuelled with natural gas through intake manifold and biodiesel that produced from corn oil. The results were compared with pure low sulphur diesel (LSD) fuel, LSD-NG fuels, and LSD-biodiesel blend. The measured emission characteristic not only include the exhaust emissions but also noise emission of the diesel engine.
Material and Methods
In the study, two different types of fuel were utilized in the engine experiments. The mixed air filled the cylinder while the liquid fuel, conventional diesel or its blend with corn biodiesel was directly injected inside the cylinders as atomized liquid fuel. The combustion started shortly after the liquid fuel had been injected inside the cylinders. After the first kernel, the combustion expended with the aid of NG which was injected into the intake air.
Biodiesel that fuelled the experimental engine was produced by transesterification method. The steps of the biodiesel production steps are as follows;
• Firstly, the oil was heated to 55 o C while the catalyser was poured into and dissolved inside the alcohol.
• After dissolving, the alcohol was poured into the volumetric flask that includes heated oil.
• The transesterification reaction was carried out continuously at 50 o C for 90 minutes long by stirring.
• After the reaction, crude methyl ester was taken into a separation funnel to apart the methyl ester from the glycerine.
• After 8 hours, the separated glycerine was dropped from the separation funnel to get methyl ester.
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• The methyl ester was washed four times with warm water. Water was added so that volume of the water was at least the half of the biodiesel volume.
• To vaporize the water which remains from washing operation is removed by vaporization process. The process was performed at 105 o C for 40 minutes by stirring.
• Lastly, the methyl ester was got through filtering operation in order to remove remaining participles inside the methyl ester.
Noise measurement of the engine was conducted with a GRAS 46AF 1/2'' LEMO Microphone Set. In the setup, the microphone was placed one meter away from the test engine. The data collected via microphone set was analysed with the aid of SAMURAI v2.6 software. Sound Pressure level (SPL) of the engine was filtered according to A-weighting filter since the filter is similar to the response of human ear.
During the engine experiments, exhaust emissions were measured via MRU Delta 1600-V gas analyser on a four-stroke, four-cylinder diesel engine. The properties of the experimental engine presented in Table 1 and Figure 1 illustrates the experimental setup.
Results and Discussions

Fuel properties
In experiments, the diesel engine was fuelled with pure low sulphur diesel fuel, low sulphur diesel -biodiesel blend, and natural gas. Table 2 . presents the fuel properties of test fuels and pure corn biodiesel as well as European diesel and biodiesel standards. According to results, density and kinematic viscosity which may cause poorer atomization of the fuel spray of biodiesel is higher than conventional diesel fuel. Moreover, cetane number which is related with ignition quality of a fuel and gross heating value of corn biodiesel was found to be lower (Giakoumis and Sarakatsanis 2018) (Satsangi and Tiwari 2018) . NG addition had also positive effect on noise emission. Compared to NG0, 0,2 dB(A), 0,4 dB(A), and 0,5 dB(A) improvement of SPL were measured with NG addition for NG5, NG10, and NG15, respectively. SPL of the engine was significantly increased by increasing engine (Ramadhas et al. 2006 ). However, flash point of biodiesel was measured as higher. This property indicates that transportation and storage of corn biodiesel are safer than low sulphur diesel fuel (Liaw 2018 )(Gülüm and Bilgin 2015) (Varatharajan and Pushparani 2018) .
Test engine was fueled with pure LSD (D100), 80% LSD -20% corn biodiesel (CoB20); 60% LSD -40% corn biodiesel (CoB40), by volume and each of them was tested with four different natural gas flow rate; without any NG flow, 5 L/ min, 10 L/min, and 15 L/min, (NG0, NG5, NG10, and NG15, respectively) at five different engine speed (1200 rpm, 1500 rpm, 1800 rpm, 2100 rpm, and 2400 rpm) under no load condition in order to eliminate the effect of dynamometer loading mechanism. 248 Compared to NG0, CO emission ascends to 80,8% with NG15 addition into intake air as overall of all primary fuel. NG5 and NG10 have also increased the emission by 25,2% and 53,7%, respectively. Since intake atmosphere air replaced with NG, less complete combustion may occur with NG introduction to combustion chamber (Arat et al. 2016) . Therefore, higher amount of CO emission occurred with NG addition.
CO 2 emission is also occurred by complete combustion of fuel (Sathish . Biodiesel blends increased CO 2 emissions 1,24%, 5,87%, for CoB fuels for 20%, 40%, volumetric ratio of biodiesel due to the extra oxygen content of biodiesel (Keskin et al. 2010 ).
On the other hand, introduction of NG into the cylinders, CO 2 emission decreased by 1,4%, 2,9%, and 4,3% with NG5, speed. The least SPL occurred by the usage of CoB40 for the engine speed of 1200 rpm, 1500 rpm, 2100 rpm and 2400 rpm. At the engine speed of 1800 rpm, CoB20 caused to least SPL.
Exhaust Emissions
CO emission formation mainly come out due to the incomplete combustion of fuel (Senthur Prabu et al. 2018 ). Figures 7-11 illustrate the CO emission values for test fuels at different engine operation speeds. The average CO emission for the entire speed range for CoB without any NG addition was found 4,05%, and 7,63% lower than that of D100 for CoB20, CoB40, respectively. Since extra oxygen molecules content of biodiesel, enhanced combustion would occur. Therefore, CO emission was decreased by using biodiesel blend in experiments (Sathish ). 
Conclusion
In this study, influence of biodiesel which produced from corn oil and NG addition into intake air on noise and exhaust emission of a diesel was investigated. The biodiesel with NG addition has the potential for replacing LSD fuel to fuel the diesel engines in the view point of noise and exhaust emissions.
NG10, and NG15 introduction, respectively. This result may be caused by the low hydrogen to carbon ratio of methane which is the major component of NG (Akar et al. 2018 Cooling effect of NG into the cylinder leads to decrease in peak temperature. This decrement leads to decrease of NO x Figure 10 . CO emission value at 2100 rpm. Figure 11 . CO emission value at 2400 rpm. Based on the experimental results throughout this study, the following results can be summarized: · Compared to LSD; 0,2 dB[A], and 0,4 dB[A] decrement of SPL was measured with CoB20, and CoB40, respectively. NG addition lowered the noise emission further as 0,2 dB(A), 0,4 dB(A), 0,5 dB(A) for NG5, NG10, and NG15, respectively when the engine was fuelled with pure low sulphur diesel and biodiesel blends.
· CO exhaust emission improved with the usage of CoB20 and CoB40. However, introduction of NG5, NG10, and NG15 increased the emission by 25,2%, 53,7%, and 80,8%, respectively. · Increment of CO 2 and NO x exhaust emissions was observed with the usage of biodiesel blend. However, it was concluded that NG has the potential to compensate the increment of CO 2 emission
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